On the Interrelationships Between the Growth of Upper Plant and the Development of Root in Common Vetch Seedling (Preliminary) by Tanaka, Noriyuki & Crop Science Laboratory Faculty of Agriculture, Saga University
佐賀大学農学業報第22号 65～74 
On the Interrelationships Between the Growth of 
Upper Plant and the Development of Root 
in Common Vetch Seedling (Preliminary) 
By 
Noriyuki Tanaka 
(Crop Science Laboratory Faculty of Agriculture) 
Su:rn:rnary 
Optimum growth temperature of the common vetch seedling in the earlier period 
seems to be influenced deeply by existence or vanishment of the cotyledon. That is, 
when the nutriment supply from the cotyledon was sufficient, its growth was better 
under the high temperature extends from 25℃ to 30°C. But when the cotyledon was 
vanished ,at this moment, plants rather grow well under low temperature extends from 
20°C to 25°C. As to the correlation between dry weight of the upper plants and the 
roots ,as shown in Fig. 3, very high correlation was recognized. Moreover, the high 
correlation exists between quantity of carbohydrate in the roots and dissolved oxygen 
absorbed by the roots was also recognized. On the other hand, the number of nodules 
and the proceeding of the branching have also a proportional relationship with carbo-
hydrate in the root. These facts indicate that physiological activity, root development 
and nodule formation were dependent on the carbohydrate supply from the upper 
plants. 
Introduction 
As the factors affecting the growth of roots, soil conditions i. e. water, temperature, 
fertilizer, aeration and soil strata etc. have been taken up mainly in the investigative 
subjects of the roots development disregarding of the growth of the upper plants has 
an inseparable relationship with that. This is caused by the fact that the influence of 
the upper plant to the root development is not able to distinguish clearly with that of 
the other factors. 
The experiment was carried out to investigate the growth correlations between the 
upper plant and the root using the common vetch seedlings. There are three reasons 
why the common vetch seedlings were picked up in this experiment, the first is to be 
attributed to the agreement of an extent of growth temperature of the seedlings with 
the temperature capacity of our control rooms, the second, that it belongs to the 
hypogeal plant that can not assimilates the C02 gas by its cotyledon and the third is 
the simplicity of its root system. The experiment was carried over from Octover in 
1962 to March in 1963 at Kyushyu university, faculty of agriculture. 
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Fig. I. Common vetch top and root. 
Materials and恥1ethods
Culture of the plants and experiment were carried out iFl our temperature control 
rooms to get various kinds of seedlings in morphologically and physiologically. Twenty 
combinations of temperature were arranged using control rooms combining four de司
grees of daytime temperature (15℃， 20°C, 25°C and 30℃） with five degrees of night 
temperature (l0°C, 15°C, 20°C, 25°C and 30°C). Eight hours in a day from 8.30 a. m. 
to 4.30 p. m. was kept as the daytime temperature and the rest was kept as the night 
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temperature. 
Germinated seeds were placed in pots, lOcm diameter ×l 2cm depth，自lledwith loam 
soil on 11th in January. Each pot contained 10 seeds and urea 0.2 g, potassium chloride 
0.2 g and superphosphate of lime 0.2 g were applied as the grand manure. For a week 
al pots were placed beforehand in a room keeping at 25°C to expedite and unifrom 
their earlier growth. Since on 17 th in January, they have been conducted into their 
own room under their di任erenttreatments as above mentioned. On the observation 
and measurement the plants were divided into leaves, cotyledon and root. The roots 
was washed by water sprayer and soft brush before experiment. Quantities of total 
carbohydrate both in the leaves and roots were measured by Somogyi method and that 
of dissolved oxygen absorbed by the roots were measured by Winkler's method. 
Results and Discussion 
PLANT HEIGHT AND LEAFING Transition of plant heights and leaf ages were 
shown in the table 1 and table 2. 
As to the growth of upper plants, from these tables, two contrary tendencies were 
recognized both in the earlier period and the later of the experiment. The former 
tendency indicated that the plant height and leafing are excelient in the combinations 
of higher temperature. In proportion to the rising of temperature, especially in the 
night, these growth were expedite. But in the later pariod, the contrary tendency, 
compared with the former one, were recognized. In short, growth were excellent in the 
combinations of lower temperature. In the earlier period, the growth of upper plants 
was greatest in the combination of 25°C (daytime) and 30℃（night), however, in the 
Temp. 
D* 
15°C 
20 
25 
30 
Date 
N料＼
l0°C 
15 
20 
25 
30 
10 
15 
20 
25 
30 
10 
15 
20 
25 
30 
10 
15 
20 
25 
30 
Table I. Transition of plant heights. 
12r 1;r Feb. Feb. Feb. 10 21 29 
12.2cm 20.4 24.3 27.9 31. 2 
16. I 20. 7 25.0 32.6 32.8 
15. 4 24. 7 25.5 29. 7 30.3 
16. 5 2. I 22.0 25. 7 25.9 
18.4 20. I 21. 5 
15.8 24.6 32.3 35. I 34.2 
15. I 28.9 32.6 37.6 37.4 
19.5 27.6 30.3 30. 7 41. 7 
18.6 25. I 26.3 24. 7 32.8 
18.6 25.3 24.9 26. 7 
12.4 29. I 35. 7 26.3 38.6 
16.6 30.8 33.4 34. 7 40.4 
21. 9 32. 7 34.8 35.2 44.3 
2. 7 28.8 26. I 34.6 
26.8 31. 6 31. I 
13.4 21. 2 27. I 28.8 32. I 
15. 3 26.9 30.8 29.6 34.0 
19.8 27.6 29.5 32.9 36.9 
19.4 26.9 29.4 32.6 
21. 9 24.3 29.0 
* D: Daytime 材 N:Night 
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Table 2. Transition of leaf ages. 
1;r 1;r Feb. Feb. Feb. IO 21 29 
＼＼＼ 、＼＼＼
Date 
bemp. ~'N ＼＼、
IO°C 5.4 7.9 9.6 10.8 1. 3 
15 6. I 8.6 IO. 3 12.2 10.0 
15°C 20 6.2 9. 7 1. I 12.1 1. 6 
25 6.8 9.9 10.6 IO. 5 
30 7. I 9.6 9.4 
IO 6.2 8.1 10.4 1. 2 IO. 7 
15 6.2 9.5 10.6 12. I 1. 4 
20 20 6.8 IO. 2 10.8 10. 7 12. 2 
25 7.0 9.8 1. 0 IO. I 1. l 
30 7. I IO. I 1. 0 1. 9 
IO 6.0 8.6 IO. 7 1. 2 1. 8 
15 6.3 9.5 IO. 7 IO. 7 1. 5 
25 20 6.8 IO. 2 1. 0 IO. 9 1. 5 
25 7. I IO. I IO. I 1. 4 
30 7. I 9.6 10.4 
IO 5.9 7.9 9.5 10. I 1. 8 
15 6.3 8.6 9.6 10.6 1. 0 
30 20 o. 9 9.4 IO. 3 1. 2 10. 9 
25 7. I 9.5 9.9 1. I 
30 7.2 9.0 9.4 
D : Daytime N : Night 
later that was greatest in the combination of 15°C (daytime) and 10℃（night). Espe-
cially some plants were withered at the 21th in February in the combinations of higher 
night temperature. This seems to be related closely with the existence or the van-
ishment of the cotyledon. 
Figure 2 shows the dry weights in cotyledon per plant at 21th in January. From this 
figure we can find out that the nutriment of cotyledon was used up earlier in the 
combination of higher temperature, especially in the higher night temperature than in 
the lower one. 
30 
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Fig. 2. Comparison of dry weights of cotyledons in different combinations of 
temperature (Jan田 ry,21). 
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DRY WEIGHT OF UPPER PLANTS AND ROOTS Table 3 shows the changes of 
dry weight in upper plants, roots and their totals. From this data we also can recognize 
two tendencies as mentioned above not only in the upper plants but also in the roots. 
On the tenth day after sowing, total dry weight was greatest in the combination of 
25°C (daytime) and 25°C or 30°C (night) but on the fiftieth that was greatest in 15°C 
(daytime) and 15℃（night). 
Table 3. Transition of dry weights it the upper plants, the rooおandtheir totals. 
Date Jan., 21 Jan., 31 Feb., 10 Feb., 21 Feb., 29 
Temp. 
D N T u R T u R T u R T u R T u R 
10。C 24* 16 8 47 32 15 79 60 19 109 83 26 179 131 48 
15 29 20 9 50 35 15 60 43 17 108 82 26 195 133 62 
15°C 20 28 17 1 52 36 16 65 44 21 103 83 20 131 97 34 
25 28 18 10 41 30 1 52 38 14 69 54 15 84 62 22 
30 31 20 1 40 28 12 41 30 1 
1日 30 20 10 50 35 15 63 49 14 85 65 20 154 109 45 
15 25 17 8 42 27 15 74 53 21 96 67 29 148 108 40 
20 20 31 21 10 48 35 13 63 45 18 91 70 21 178 117 61 
25 33 21 12 45 31 14 53 35 18 57 45 12 105 73 32 
30 28 19 9 42 30 12 51 35 16 54 41 13 
10 22 14 8 48 32 16 65 51 14 87 66 21 124 91 33 
15 28 18 10 48 36 12 69 52 17 88 69 19 159 118 41 
25 20 31 21 10 65 45 20 72 52 20 90 70 20 147 110 37 
25 41 25 16 55 38 17 61 45 16 101 79 22 
30 41 27 14 41 30 1 55 43 12 
10 25 16 9 37 23 14 47 36 1 70 54 16 104 78 26 
15 28 18 10 43 31 12 61 45 16 67 50 17 103 76 27 
30 20 33 20 13 46 33 13 63 44 19 65 50 15 98 76 22 
25 34 22 12 42 31 l 52 35 17 59 46 13 
30 37 23 14 36 25 II 50 36 14 
* dry weigt (mg) per plant 
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Fig. 3. Correlation between dry weight of the root and the upper plant. 
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Moreover, as be seen in figure 3, between the two, very high correlation (r=0.931) 
was recognized. 
TOTAL CARBOHYDRATE AND ROOT DEVELOPMENT Quantities of total car-
bohydrate in the roots and dissolved oxygen absorbed by the roots were shown in the 
table 4. 
Table 4. Total carbohydrate contained within the roots 
and dissolved oxygen absorbed by the roots. 
Temperature 
Daytime Night T. C. o. 
JO。C 22.0* 9.83** 
15 28. I 10.32 
15。C 20 22.3 10.38 
25 15. 7 9.47 
30 
JO 21. 3 10.63 
15 31. 5 10.27 
20 20 27. 7 JO. 75 
25 13.6 7. 74 
30 1. 8 7.81 
JO 20.0 9.41 
15 22.6 9. 19 
25 20 24.3 10.08 
25 
30 
JO 15. l 8. 74 
15 19.8 9. 54 
30 20 17. 9 8. 79 
25 16.1 8. 12 
30 
* mg per root 料 mgof absorbed oxygen per root for 
!Ohrs. at 20。c.
It is generally considered that the absorbed oxygen by the roots was used for its 
respiration and exhibits the activity of the roots. On the other hand, carbohydrate is a 
basic substance for respiration of the roots. Therefore table 4 and figur・e5 show that 
the high correlation exists between them. 
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Fig. 4. Correlation between total carbohydrate in the root and 
dis田lvedoxygen absorbed by the root. 
Nor匂
This means that physiological activity or growth of the roots is dependent on the 
carbohydrate supply from the upper plants. 
NODULE FORMATION AND ROOT BRANCHING Carbohydrate is also believed 
as a nutriment of the Bacillus radicicola. According to Kamata, the nodule formation 
in soybean plants was controlled by the level of the reducing sugar contented in host 
tissues. Table 5 shows the number of nodules appeared on the 5 roots and they were 
most numerous in the combination of 20°C (daytime) and 15°C (night). Their numerical 
distribution is almost paralleled with degree of branching, activity and carbohydrate 
content. 
、k Te困·~m：也ti吋｜ 
：：~：· 
10。C
15 
20 
25 
30 
Table 6. Degree of rot branching. 
15'C 20 
0-5* 5 IO 0-5 5-10 
2.6本＊ 2.2 3.0 3.0 
3.0 3.0 3.5 3.3 
3.0 2.8 4.0 4. 7 
3.0 2.2 3.4 2.4 
25 30 
0 5 5-10 0-5 5 IO 
3.2 3.0 2.8 2.6 
3.4 3.0 3.4 2.2 
3.8 3.0 3.4 2.6 
3.6 2.8 
* distance合umthe base of main rot 
料 degreeof greatest branch rot 
Figure 5 and Table 6 show the root branching from the secondary roots on the 40th 
day after sowing. 
As be seen in the figure and table, degree of branching seems to paralleled with 
the growth of the upper plants and carbohydrate in the roots. But the mechanism of 
branching was not be able to clear only through this experiment, however, it is unde-
15 -2 5 15-20 15 -1 5 I 5 -10 
Fig. 5-1. 
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30-20 30-1 0 
Fig. 5. Comparison of branch rots developed from the secondary rot in 
several combination of temperature. 
出店~I
15°C 
20 
25 
30 
Table 5. Number of rot nodules. 
IO。C 15 
2 5 
23 36 
7 
20 
27 
4 
25 
9 
30 
:J 
nodules per 5 plants (40 days old) 
niable that the branching is controled by the growth of upper plants. The maximum 
degree of branching was seen in the combination of 25℃（daytime) and of 20℃（night) 
while their branch roots were small compared with that in the combination of 15℃ 
(daytime) and 15℃（night) which showed the best growth of the upper plants. In this 
experiment root branching dosn’t always has a direct proportion with the grow of 
upper plants but from the general point of view it has, roughly measured, a considera-
ble relation between the two. 
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